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ABSTRACT
We construct a model with D5 branes wrapped on a deformed and resolved A6
singularity which realizes metastable supersymmetry breaking and minimal gauge
mediation. Supersymmetry is broken at tree level by the F–term of singlet which
also obtains a VEV as required in gauge mediation. Three nodes of the singularity
are used to break supersymmetry whereas the other three realize gauge mediation.
The supersymmetry breaking scale is suppressed due to brane instanton effects
which are computed using a geometric transition.
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1. Introduction
The observable effects of supersymmetry breaking depend on the mechanism
that communicates it to the Minimally Supersymmetric Standard Model (MSSM).
Gauge mediation[1,2,3] is an attractive mechanism, mainly because when super-
symmetry breaking is mediated by MSSM gauge interactions, flavor changing neu-
tral currents are naturally suppressed. In this scenario, supersymmetry breaking in
the hidden sector is communicated to the observable sector through loop diagrams
that contain messenger fields and the MSSM gauge fields. The main requirement
for Minimal Gauge Mediation (MGM) is the existence of a singlet X and messenger
fields (q, ℓ), (q¯, ℓ¯) in the 5 and 5¯ representations of SU(5) (in order to keep gauge
coupling unification) with the superpotential
W = X(λℓℓ¯ℓ+ λq q¯q) (1)
In addition, it is assumed that X gets a VEV and a nonzero F–term so that
X = x+θ2F . Then, the fermionic messengers get masses mq = λqx and mℓ = λℓx.
Due to supersymmetry breaking, the scalar messengers are split from the fermionic
ones and have masses squared (where F < x2 is assumed to avoid tachyons)
m2q = λ
2
qx
2 ± λqF m
2
ℓ = λ
2
ℓx
2 ± λℓF (2)
This mass splitting is communicated to the superpartners through the gauge
interactions giving rise to soft supersymetry breaking masses. Gaugino masses
arise at one–loop with
mλi =
αi
π
Λ (3)
whereas the soft masses squared for squarks and sleptons arise at two loops with
m2s = 2Λ
2
[
C3
(α3
4π
)2
+ C2
(α2
4π
)2
+
5
3
(
Y
2
)
(α1
4π
)2]
(4)
where Λ = F/x and C1,2,3 are group theoretic factors for the three MSSM gauge
groups. Λ is the only physical parameter since it determines all the soft masses;
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therefore x and F can be both quite large or small. (However, x > TeV since
the messengers have not been observed.) Due to eqs. (3) and (4), TeV scale soft
masses require Λ ∼ 100 TeV .
Aa mentioned above, gauge mediation of supersymmetry requires a singlet with
a VEV and a nonzero F–term. This has been difficult to obtain in most models of
dynamical supersymmetry breaking[4] mainly because these are models of strongly
interacting chiral gauge theories (with no singlets). Recently, it was realized that
supersymmetry may be broken in nonsupersymmetric metastable vacua, i.e. in
supersymmetric models with local nonsupersymmetric minima of the scalar po-
tential[5]. This new possibility greatly facilitates the construction of models with
a singlet like X above. At these false vacua, supersymmetry can be broken at
tree level by the nonzero F–term of a singlet. The necessary suppression of the
supersymmetry scale can be obtained by retrofitting the dimensionful parameters
of the models[6] rather than by dynamical effects. Unfortunately, in most models
of metastable supersymmetry breaking, the field that breaks supersymmetry does
not obtain a VEV, i.e. the metastable vacuum is at the origin [5,7-19]
1
. In this
case, gauge mediation cannot be realized since the singlet VEV is necessary to give
large masses to the messengers. Thus, finding a model of gauge mediation is not
trivial even in the context of metastable supersymmetry beaking.
In addition to field theories, metastable supersymmetry breaking and media-
tion have been studied in brane models[20-36]. Most known and some new models
of supersymmetry breaking have been obtained on branes. In this context, it was
noticed that quiver models obtained from branes wrapped on singularities natu-
rally have singlets with Yukawa couplings like the one in eq. (1)[31]. In particular,
models with D5 branes wrapped on An type singularities may naturally realize
gauge mediation. This is due to the fact that in these brane constructions, each
node of the singularity gives rise to a (singlet if there is only one D5 brane wrapped
on the node) scalar field. This singlet couples to its two neighboring nodes through
1 However see ref. [15] for an example with nonzero VEVs.
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Yukawa–like couplings to pairs of fields in the bifundamental representations of the
gauge groups. Thus, this singlet can serve as the X field in eq. (1). On one side it
is coupled to the hidden supersymmetry breaking sector and on the other side to
the messenger fields by Yukawa–like couplings.
As a result, we can build models on an An singularities in which a number of
nodes realize supersymmetry breaking, the next node contains the X field above,
which couples to the bifundamental messenger fields. These in turn couple to the
MSSM fields through their common gauge interactions. The quiver has a modular
structure in which X lives on a particular node. The supersymmetry breaking
hidden sector lives on the nodes to (say) the left of this node whereas the messenger
fields and MSSM live on the nodes to its right..
In this paper, we construct a brane model that breaks supersymmetry in a
metastable vacuum and communicates this to the MSSM by gauge mediation.
The model is obtained on the world–volumes of D5 branes that are wrapped on
an A6 singularity fibered over a complex plane C(x). Different nodes of the singu-
larity are deformed and resolved; in addition all nodes except for two have large
volumes (compared to the string scale). The relatively large number of nodes of the
singularity is due to complexity of the model that both realizes and mediates su-
persymmetry breaking. Three nodes are needed for supersymmetry breaking, one
node contains the X field and the messengers and MSSM live on the remaining
two nodes. We describe in detail the function of each node in the construction and
show how the resulting world–volume theory leads to metastable supersymmetry
breaking and gauge mediation. At low energies, the world–volume field theory we
obtain is a slight variation of that in ref. [6]. In the metastable vacuum supersym-
metry is broken by both F and D–terms at tree level; however only the F–term
breaking is relevant for gauge mediation. The supersymmetry breaking scale is
suppressed due to a D1 brane instanton effect which plays the role of retrofitting
in field theory.
This paper is organized as follows. In the next section, we review the basics
3
of the brane construction on An singularities and describe the A6 model in detail.
In setion 3, we analyze the world-volume field theory and show that it breaks
supersymmetry in a metastable vacuum and mediates this to MSSM through gauge
interactions. Section 4 contains our conclusions and a discussion of our results.
2. The Brane Model on an A6 Singularity
In this section, we construct a brane model that realizes metastable super-
symmetry breaking and gauge mediation. First, we briefly review the relations
between the properties of An singularities and the world–volume theories of D5
branes wrapped on them. We then describe the model with D5 branes wrapped
on an A6 singularity, including the contributions of each node separately.
2.1. World–volume theories of D5 branes wrapped on An singulari-
ties: Consider an An singularity fibered over the complex plane C(x) given by
uv = (z − z1(x))(z − z2(x)) . . . (z − zn(x))(z − zn+1(x)) (5)
where zi(x) parametrize the fibering of An over C(x). This singularity has n nodes
(S2s). If we wrap Ni D5 branes on the ith node, we get the product gauge group
ΠiU(Ni) in the world–volume theory. The gauge couplings are given by[37]
4π
g2i
=
Vi
(2π)2gsℓ2s
i = 1, 2, . . . , n (6)
where gs and ℓs are the string coupling and length respectively and Vi is the stringy
volume of the ith node given by Vi = (2π)
4ℓ4s(B
2
i + r
2
i + α
2
i )
1/2. Here
Bi =
∫
S2
i
BNS r2i =
∫
S2
i
J (7)
i.e. Bi is the NS–NS flux through the ith node and r
2
i is the volume of the blown–up
S2i s. The world–volume matter sector[37] contains fields in the adjoint or funda-
mental representations of the gauge groups. On the ith node, there is a field φi that
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is an adjoint of U(Ni). Between any two neighboring nodes, i and j = i+ 1 there
is a pair of fields Qij , Qji in the bifundamental representations of U(Ni)× U(Nj).
The superpotential contains Yukawa couplings between these fields[37,38]
W =
∑
ij
QijQji(φi+1 − φi) (8)
In addition, the deformation and fibering of the singularity lead to superpotential
terms of the type
W (φi) =
φi∫
(zi+1(x)− zi(x))dx (9)
Resolving (blowing–up) the ith node so that r2i 6= 0, introduces an anomalous D–
term, ξi[39], for the gauge group U(1)i (or the Abelian subgroup of U(Ni)). Also, a
geometric transition may take place on any of the nodes leading to S2 → S3 on the
node. After the transition, the D5 branes wrapped on this node are replaced by
Ramond–Ramond flux. Geometric transitions are particularly useful for computing
nonperturbative effects on a node such as those of a D1 brane instanton. The model
we describe below contains both resolutions and geometric transitions.
2.2. The model with D5 branes on an A6 singularity: We now consider
D5 branes wrapped on the A6 singularity defined by
uv = z(z −m(x− a))(z +m(x+ a))(z −m(x− a))(z −m(x+ a) + λx2)
(z +m(x− a) + λx2)(z −ma + λx2) (10)
This singularity has six nodes; we wrap 5 D5 branes on the fifth node and one
D5 brane on each of the others. This leads to the gauge group U(1)1 × U(1)2 ×
U(1)3 × U(1)4 × U(5) × U(1)6 on the world–volume. We decouple all the gauge
groups except U(1)3 (which will acquire an anomalous D–term) and U(5) which
contains the MSSM gauge groups. The decoupling of these gauge interactions is
accomplished by taking the corresponding stringy volumes of the nodes to be very
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large, e.g. by assuming large NS–NS fluxes Bi >> 1 on the nodes. Then, by eq.
(6) we find that the gauge couplings are very small and these symmetries become
global. In addition, we decouple all heavy fields with mass ∼ m ∼ a ∼ Ms and
ignore the norenormalizable terms they induce in the superpotential since these do
not affect the physics at low energies relevant for supersymmetry breaking.
We can find the superpotential that arises from the singularity using the infor-
mation from the previous subsection. Below we list the contribution of each node
to matter and the superpotential separately and discuss their roles in metastable
supersymmetry breaking and gauge mediation. The first node contains the fields
φ1, Q12, Q21 with the superpotantial
node 1 : W1 =
m
2
(φ1 − a)
2 − φ1Q12Q21 (11)
This node is used for generating an exponentially suppressed scale through D1
brane instanton effects. The brane instanton contribution to the superpotential is
an F–term and can be computed after the node goes through a geometric transition
in which S2 → S3. This effect is calculable only if the node is isolated and all
the fields living on it are massive. We see from eq. (11) that the first node is
isolated at x = a and φ1, Q12, Q21 are massive. Therefore, we can use a geometric
transition[40] to obtain the brane instanton induced F–term. After the geometric
transition, the D5 brane wrapped on this node is replaced by Ramond–Ramond
flux
∫
S3 H
RR = 1 and φ1, Q12, Q21 disappear from the spectrum. The geometry
becomes[41]
uv = (z − s)(z −m(x− a))(z +m(x+ a))(z −m(x− a))(z −m(x+ a) + λx2)
(z +m(x− a) + λx2)(z −ma + λx2) (12)
where s = mS and S is the size of the resolved (blown–up) S3. Due to the transi-
tion, there are two new contributions to W . The first is the flux superpotential[42]
Wflux =
V1
2πgsℓs
S + S
(
log
S
∆3
− 1
)
(13)
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The second is the instanton correction to the φ2 superpotential given by[41]
2
W ′(φ2) =
φ2∫
(z2 − z¯1)dx (14)
where z¯1 is the solution to z(z −m(x− a)) = s that is asymptotic to z1. We find
W ′(φ2) = −
S
2
log
|φ2 − a|
∆
(15)
which gives rise to the F–term for φ2
Fφ2 =
∂W ′
∂φ2
= −
S
2a
(16)
Decoupling S by setting its F–term to zero fixes its VEV which is exponentially
suppressed
S = S0 = ∆
3e−V1/2πgsℓ
2
s (17)
Thus brane instanton effects on the first node lead to an exponentially suppressed
F–term for φ2
Fφ2 = −
S0
2a
= −
∆3
2a
e−V1/2πgsℓ
2
s (18)
This in turn results in exponentially small masses for the bifundamentals
Q23, Q32 which live on the second node. These fields with small masses appear in
the U(1)3 D–terms which includes an anomalous D–term. They effectively cause
the nonzero D–term to be exponentially small rather than about ξ ∼ M2s . This is
the origin of the exponentially small supersymmetry breaking scale in our model.
2 For some examples of brane instanton effects see refs.[43,44].
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On the second node we find the fields φ2, Q23, Q32 with
node 2 : W2 = −mφ
2
2 + φ2(Q12Q21 −Q23Q32) (19)
In addition, we have the exponentially small F–term, Fφ2φ2 where F is given by
eq. (18). The field φ2 decouples at low energies since it has a large mass m ∼Ms.
Setting its F–term to zero we find that φ2 obtains an exponentially small VEV,
φ2 = Fφ2/2m which gives small masses to Q23, Q32
mQ =
∆3
4ma
e−V1/2πgsℓ
2
s (20)
This the overall contribution of the second node.
The third node on which φ3, Q34, Q43 live contributes
node 3 : W3 = mφ
2
3 + φ3(Q23Q32 −Q34Q43) (21)
In addition, we blow–up the third node by taking r23 6= 0 which gives rise to an
anomalous U(1)3 D–term, ξ, so that
D3 = |Q23|
2 − |Q32|
2 − |Q34|
2 + |Q43|
2 − ξ (22)
As mentioned above, the small masses for Q23, Q32 are the origin of the small
nonzero D–term after minimizing the scalar potential and give rise to exponentially
suppressed supersymmetry breaking. φ3 is heavy and decouples with vanishing
VEV.
On the fourth node we find the fields φ4, Q45Q54 with
node 4 : W4 = 2maφ4 −
λ
3
φ34 + φ4(Q34Q43 −Q45Q54) (23)
Contrary to the other singlets, the field φ4 does not have a mass term and does not
decouple. It has an F–term and a nontrivial potential. We will see that it plays the
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role of X in eq. (1). The F–term and VEV of φ4 are the main ingredients of gauge
mediation. Supersymmetry breaking is communicated to φ4 by the fields Q34, Q43.
The fields Q45, Q54 are the messengers which get masses from the VEV of φ4. All
the fields in this node remain in the low energy spectrum and play crucial roles in
supersymmetry breaking and gauge mediation.
There are 5 D5 branes wrapped on the fifth node giving rise to a U(5) gauge
group that contains the MSSM gauge group. In addition, there are the bifunda-
mentals Q56, Q65 which are the MSSM matter fields (which are massless at this
level) in the 5 and 5¯ representations just like the messengers Q45, Q54. The super-
potential arising from this node is
node 5 : W5 = −mφ
2
5 + φ5(Q45Q54 −Q56Q65) (24)
Again φ5 decouples since it is heavy. This description of MSSM is too simple and
not very realistic; however, it can be improved by combining the fourth node to a
more complicated singularity on which MSSM lives. The modular nature of our
construction easily allows this possibility.
Finally, from the sixth node we get
node 6 : W6 =
m2
2
φ26 + φ6Q56Q65 (25)
φ6 is massive and decouples with vanishing VEV. It gives rise to dimension five
and six nonrenormalizable terms containing MSSM fields. These terms may lead to
baryon and lepton number violation or flavor changing neutral currents. However,
since the MSSM sector of our model is not very realistic we will not worry about this
problem and assume that a proper construction of the MSSM sector will suppress
these operators.
3. Supersymmetry Breaking and Gauge Mediation
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We now show that the above brane configuration leads to supersymmetry
breaking in a metastable vacuum and its gauge mediation to the observable sector.
This analysis closely follows that in ref. [6] with minor differences. At low energies,
i.e E << Ms, the total superpotential obtained from the above brane construction
is (leaving out MSSM)
W = φ4(Q34Q43 −Q45Q54) + 2maφ4 −
λ
3
φ34 +mQQ23Q32 (26)
The F–terms obtained from W are
Fφ4 = Q23Q32 −Q34Q43 + 2ma− λφ
2
4 (27)
FQ23 = mQQ32 FQ32 = mQQ23 (28)
FQ34 = φ4Q43 FQ43 = φ4Q34 (29)
FQ45 = −φ4Q54 FQ54 = −φ4Q45 (30)
The scalar potential is given by VF =
∑
|Fi|
2. In addition, there is the U(1)3
D–term contribution to the scalar potential
VD = g
2
3(|Q23|
2 − |Q32|
2 − |Q34|
2 + |Q43|
2 − ξ)2 (31)
The total scalar potential is V = VF + VD.
We now specialize to the case with Q34 = Q43 = Q45 = Q54 = 0. Minimizing
the scalar potential with respect to Q23 and Q32 we find that (for g
2
3ξ > m
2
Q which
holds in our case)
|Q23|
2 = ξ −
m2Q
g2
3
Q32 = 0 (32)
Then, the nonzero D–term effectivelybecomes |D| = m2Q/g
2
3 which is exponentially
suppressed due to eq. (31). This is the main contribution of the fields Q23, Q32
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to supersymmetry breaking. Even though they have small masses and remain in
the low–energy spectrum, they decouple from the supersymmetry breaking physics
beyond the above effect. Therefore we can neglect them below. The low energy
scalar potential becomes (excluding the Q23, Q32 dependent terms and a constant
term)
V = |2ma−λφ24+Q34Q43|
2+ |φ4|
2(|Q34|
2+ |Q43|
2)+ g23(−|Q34|
2+ |Q43|
2+
m2Q
g2
3
)2
(33)
We see that the scalar masses squared for Q34, Q43 arem
2
s = |φ4|
2±m2Q/g
2
3 whereas
their fermionic partners have masses mf = |φ4|. There are mixing terms for the
scalars coming from the first term in eq. (33) and a nonzero F–term for φ4 (which
we obtain below). We neglect these contributions since as we show below they are
small, O(m4Q/ma) << O(m
2
Q). Due to the above splitting of masses, φ4 obtains a
one–loop potential given by
V1 =
m4Q
16π2g2
3
log
(
|φ4|
2
Λ2
)
(34)
The total potential for φ4 has a metastable minimum at
|φ4|
2 =
ma
λ

1 +
√
1−
m4Q
32π2m2a2

 ≃ 2ma
λ
−
m4Q
64π2ma
(35)
In this vacuum we find that supersymmetry is broken due to the nonzero F–term
Fφ4 =
m4Q
128π2ma
(36)
The nonzero VEV and F–term for φ4 lead to the mass and mixing terms for
the messenger fields Q45, Q54 and induce a mass splitting just like in the MGM
mechanism in eqs. (2). These in turn give rise to soft supersymmetry breaking
masses for the MSSM fields, Q56, Q65, as in eqs. (3) and (4). For successful gauge
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mediation without tachyons we need Fφ4 < φ4 which is the case since the F–term
is proportional to m2Q which is exponentially suppressed. We find that Λ = Fφ4/φ4
is
Λ ≃
λ
256π2
m4Q
(ma)3/2
(37)
which can be O(100 TeV ) for a choice of m ∼ a ∼ Ms ∼ 10
17 GeV and mQ ∼
1015 GeV . The two orders of magnitude suppression of mQ is easily obtained from
eq. (20).
Note that supersymmetry is broken not only by Fφ4 6= 0 but also by the nonzero
F and D–terms
FQ32 = mQQ23 ∼ mQ
√
ξ D =
m2Q
g2
3
(38)
In the limit of global supersymmetry (with gravity decoupled) which is obtained
with a noncompact space transeverse to the branes, these cannot be communicated
to the observable sector. In principle, they may contribute to soft masses due to
nonrenormalizable terms which connect the second and third nodes (with the above
nonzero F and D–terms) to the fifth node on which MSSM fields live. However,
in the above model, these are either too small or zero due to vanishing VEVs.
Therefore, even though, in this model supersymmetry breaking occurs through
two F and one D–term that are nonzero only Fφ4 is phenomenologically relevant
since it is the only effect coupled to the MSSM.
4. Conclusions and Discussion
In this paper, we constructed a model with D5 branes wrapped on a de-
formed, resolved and fibered A6 singularity. The model breaks supersymmetry in
a metastable vacuum at tree level by nonzero F and D–terms. The supersymmetry
breaking scale is suppressed due to brane instanton effects which are calculated
through a geometric transition. Supersymmetry breaking is then mediated to the
MSSM sector through gauge interactions. The quiver theory that results has a
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modular structure. Three nodes realize supersymmetry breaking, one node con-
tains the singlet (that couples to the messengers) and the messengers and MSSM
live on the remaining two nodes.
One of the main shortcomings of the model is the realization of the MSSM
sector. The MSSM fields live on a node with a U(5) gauge group and matter is in
the 5 and 5¯ representations which is not realistic because the 10 representation is
missing. This problem is related to the chiral nature of MSSM matter. In general,
chiral matter can be obtained on An singularities only if they are orbifolded or
orientifolded. Therefore, a more realistic MSSM sector requires a more complicated
singularity.
Another potential problem arises if the model is realized on compact trans-
verse space so that gravity is not decoupled. In this case, the nonzero F and
D–terms in eq. (38) cannot be neglected since these effects can be communicated
to the visible sector by gravity. For the above choice of parameters which leads
to phenomenologically acceptable gauge mediation, we find that gravity mediated
contributions to soft masses are too large, e.g. ∼ 1015 GeV . One possible solution
is to make exponentially suppressed mass mQ very small e.g. O(TeV ). Then the
gravity mediated contributions to soft masses are also of O(TeV ) but the gauge
mediated contributions are completely negligible. Of course, this introduces the
flavor changing neutral current problem which is the main motivation to consider
gauge mediation in the first place. Thus, we conclude that the above model has
problems that are hard to avoid if gravity is not decoupled. However, this does not
mean that all models obtained by wrapping D5 branes on An singularities share
the same problem. It would be worthwhile to try to build a model with only one
nozero F–term as a source of supersymmetry breaking which avoids the problems
arising from gravity mediation.
In field theory the problem with gravity mediation can be solved by taking
the parmeters m, a and ξ to be relatively small (compared to the string scale)
by retrofitting. Then, acceptable gauge mediation can be obtained without large
13
contributions from gravity mediation. In string theory, such small values are un-
natural. On the other hand, small values of m, a can be obtained by instanton
effects just like for mQ above. This requires two more D1 brane instanton effects
calculated through two more geometric transitions on two new nodes. Clearly, the
model then becomes quite complicated and unattractive.
Minimal gauge mediation can be generalized in different ways. First, there can
be more than one field like X in eq. (1) which leads to soft masses for squarks and
sleptons that are more general than those in eqs. (3) and (4). Second, the messen-
ger sector can be generalized to include more than one pair of 5, 5¯. Unfortunately,
quiver models obtained on world–volumes of D5 branes wrapped on An singular-
ities are not easily amenable to the above generalizations. The only possibility
seems to be placing N D5 branes on the node that gives the field X (or φ4). This
gives rise to an adjoint instead of the singlet. In addition, now, the messengers
are also in the fundamental representation of this new U(N). Even if we decouple
the U(N) by taking its coupling to zero, the number of “singlets” and messenger
pairs is always the same with the (now) global U(N) symmetry guaranteeing the
equality of Yukawa couplings between the “singlet” and the messengers. This does
not quite lead to general gauge mediation. It would be interesting to obtain general
gauge mediation models on branes wrapped on singular spaces more complicated
than An.
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